Introduction
Second to fourth digit ratio (2D:4D) is a sexually dimorphic biometric marker. It is influenced by prenatal estrogen and testosterone levels. High prenatal levels of androgens (high testosterone/estrogen) determine lower values of 2D:4D, and vice-versa. The Hox A and Hox D genes are responsible for both gonadal and digital differentiation.
lean body mass and increase the deposition of abdominal fat. Testosterone supplementation in elderly male subjects and in healthy eugonadal men decreases the WHR and increases lean body mass.
10, 11 Manning et al found a negative relationship between the 2D:4D ratio and the age at the first myocardial infarction (MI), which means that men with a low 2D:4D ratio tended to have their first MI later in life than men with high 2D:4D ratios. 12 Consequently, they suggested that the formation and maintenance of the cardiovascular system is sensitive to testosterone and estrogen in men, and that the 2D:4D ratio is a marker for in utero and adult levels of these hormones. This has led to the assumption that if the 2D:4D ratio is associated with testosterone and estrogen levels, it may be correlated with a risk of MI. Manning et al 12,13 found a negative relationship between the 2D:4D ratio and the age at the first MI, which means that men with a low 2D:4D ratio tended to have their first MI later in life than men with high 2D:4D ratios. 12,13 Consequently, they suggested that the formation and maintenance of the cardiovascular system is sensitive to testosterone and estrogen in men, 14 and that the 2D:4D ratio is a marker for in utero and adult levels of these hormones. Body obesity and metabolic syndrome, a cluster of conditions associated with an increased risk for type 2 diabetes and hypertension, are considered a major risk factor for coronary heart disease (CHD), associated with an elevated risk for stroke and early mortality. However, Ben-Noun et al 15 tested a method of identifying overweight or obese patients solely by measuring their neck circumference (NC). Their results indicated a significant association between the NC and body mass index (BMI), age, weight, waist circumference (WC), hip circumference (HC), and WHR. A follow-up study also demonstrated that a higher NC is positively correlated with the factors of the metabolic syndrome and, therefore, it is likely to increase the risk of CHD.
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Finally, Fink et al 17 studied the 2D:4D ratio in relation to measurements of body shape and body fat distribution and found some support for an early organizational effect of sex hormones through the association between indices of female body shape, male BMI, and human finger length.
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White et al 18 have shown the relationship between the 2D:4D ratio and elevated triglycerides, which supports the use of the 2D:4D ratio as a non-invasive screening tool to assess the risk of metabolic syndrome. The aim of the present study was to assess the correlation of the 2D:4D ratio with known risk factors for developing cardiovascular disease (CVD) in young females of the state of Haryana in Northern India. Because it is reflective of fetal androgen exposure, we have hypothesized that the 2D:4D ratio would correlate with parameters associated with CVD. If our hypothesis is correct, measuring the 2D:4D ratio of a patient would be a non-invasive way to determine their risk of developing cardiovascular disease.
Materials and Methodology
The present study was conducted on 250 females of the state of Haryana in northern India, aged between 17 and 35 years old. Approval by the institutional ethical committee was obtained and the informed consent from all subjects was taken before conducting the study. 2. Body weight: Body weight was measured (to the nearest 0.5 kg) with the subject standing motionless on a bathroom weighing Venus Electronic Bathroom scale (Ace incorporation, Jaipur, Rajasthan, India). 3. 2D:4D ratio: It is defined as the ratio of the length of second digit (index finger) to the length of the fourth digit (ring finger). The measurement was taken from both hands with an electronic sliding Mitutoyo 6 AOC Digital Sliding Caliper (Mitutoyo, Japan) from the palmar side with the digits fully stretched and touching on a hard flat surface, with the second to fifth digits adducted and the thumb slightly extended.
Inclusion Criteria

Body mass index:
The BMI was calculated as weight in kilograms divided by the squared height in meters (weight in kg/height in m 2 ).
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5. Waist circumference: The WC was measured by using bone landmarks as references with the help of a measuring tape. The World Health Organization (WHO) guidelines recommend the measurement of the WC at the midpoint between the lowest rib and the iliac crest (the highest point of the ilium).
6. Hip Circumference: The HC was measured at the level of the greater trochanters with the help of a measuring tape. 19 It is defined as the maximum circumference in the gluteal area. 7. Neck circumference: The NC (cm) was measured at the level of the upper margin of the thyroid cartilage by using a measuring tape. 8. Waist-to-hip ratio: The WHR was calculated using the following formula: WHR ¼ WC (cm)/HC (cm)
Each measurement was taken three times by the same individual, and the mean of the three measurements was considered as the final reading.
Statistical analysis
The data was collected, tabulated and statistically analyzed using SPSS Statistics for Windows, Version 13.0 (SPSS Inc., Chicago, IL, USA).. Descriptive statistics of each risk factor and pairwise correlations with the 2D:4D ratio were conducted. The descriptive statistics, means and standard deviations (SDs) of the body measurements and of the 2D:4D ratios are shown in ►Table 1. The Pearson correlation (r) was used for assessing the relationships between the 2D:4D and the body measurements (►Table 2).
Results
Strong significant positive associations between NC and WHR confirm that both measures are indicative of body fat (►Table 3). The present findings of positive correlations between 2D:4D ratios and NC (►Table 2) in women of the state of Haryana suggest a possible predisposition toward CHD. Neck circumference is also significantly positively correlated with weight, WC, and HC in the present study (►Table 3).
Discussion
No significant correlation between the 2D:4D ratio and the WHR for females was found in any of the studies shown in ►Table 4. The WC and HC are negatively correlated with the 2D:4D ratio, but this correlation is significant only in the study of Fink et al. 17 The WHR and the BMI were negatively correlated with the 2D:4D ratio in the studies by Fink et al 17 and by Fink et al, 20 but not in the present study.
Oyeyemi et al 21 have shown a positive significant correlation between the 2D:4D ratio, BMI, and the WHtR, suggesting a possible predisposition toward cardiovascular disease. The authors have also shown a significant correlation between the 2D:4D ratio and the NC, but this positive correlation was not significant in the present study. Oyeyemi et al 22 have shown that digit ratios in both hands failed to show any significant correlations with the NC in female subjects. Metabolic syndrome markers (BMI, WC, NC) significantly correlate with both right and left 2D:4D ratios in males and females. Thus, the 2D:4D ratio could be used as a surrogate marker for the risk of metabolic syndrome and CVD in Ilorin, Northcentral Nigeria. Danborno et al 23 showed a significant relationship between 2D and 4D lengths in the right and left hands with chest circumference, WC and HC only in males, but not in females, which is in line with the present study. Manning 4 has proven in his study that mothers with high WHR, which is associated with high testosterone and low estrogen, tend to have children with low 2D:4D ratios. Mothers with low 2D:4D ratios tend to have children with low 2D:4D ratios, and their children have high concentrations of testosterone in their amniotic fluid. White et al 18 have shown the relationship between the 2D:4D ratio and elevated triglycerides, but found no relationship between WC and the 2D:4D ratio of either hand, which is in line with the present study.
Conclusions
• There is a significant association between NC and height, weight, WC, HC and WHR. A higher NC is positively correlated with factors of metabolic syndrome and, therefore, is likely to increase the risk of CHD.
• The present findings of positive correlations between 2D:4D ratios and the NC in women of the state of Haryana suggest a possible predisposition toward cardiovascular disease, but the correlation is not significant.
• The present study did not show any significant correlation between the right and left 2D:4D ratios with WC, HC, BMI, NC, or WHR.
• Body mass index, WHR, and NC were positively correlated with the 2D:4D ratio, whereas WC and HC were negatively correlated with the 2D:4D ratio, but the correlation was not significant.
The present study is not without limitations. The first limitation is its small sample size. A large sample would provide power to limit the potential for bias in predictive models.
Variations in the study design and in the mode of measurement of the digits may introduce variability that could result in differing outcomes when reporting data. A further investigation is required on a larger number of subjects in order to obtain a more detailed picture of possible associations.
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